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(54) Process for coating stents 



(57) A process is provided for coating stents 

having a first and second surface with passages there 
between to avoid blockage and bridging of the passages. 
The process comprises contacting the stent with a 
fiqutd coating solution containing a film forming 



polymer under conditions suitable to 
aSow the fim forming biocompatible polymer to coat at 
least one surface of the stent wrate maintaining a 
fluid flow through said passages sufficient prevent the 
film forming biocompatible polymer from substantia^ 
blocking said passages *' 
coated by this process. 
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t0O02] stents, which « genera* open 

Shires toWoce the function of ^^^^"^T^n^StS foreign body reactor 
plasty to restore an adequate blood flowto *el ^ *^ ^of stent coating, and composftons 
"afSin "^"S^VSK- SSm~ Stations or oaw compfcahon. and 

ssaaws^ - - j r-i 

,00031 Stents genera* are coated by ssnpte dp .or spta> ' foe salty stent designs that were of 

oaSuter concern when costing more mcx^stentetnatare °' ^" because « can interfere with the 

So^MuMnk or GFX stents. Bridging of the open 'TSLtovme^Vvessel lumen. Bridges may rupture 
Sn^lperform««e of the stent, such as expanse ^^S^^i ^disturbance, .in the adfrcert 
u^Te^nston and provide sites that activate platelet a«P°*™>n ^ ^J^e further complication. Bndgng of 

"en^n^vironmU or ^^ t ^^^Z^^^^' nCa ^ '"Zf&ra 
me open slots may also prevent » a significant amount of spray lost dunng 

(00041 Simlariy, spray coating can be P^emfhc mj ^ er * t '» j^onte in the device are quite corty 
me process and many of the pharmaceutical levels of coating and drug. High 

REEV some casea » w^dbe ^^^ul^rfma^enS means toachtev. 
concentration coatings (-15% ^f^T^J^Zn^ a means to bold thicker coatings on the ^^^T^f; 
Multipte dip-coatings MnM^« Ji2^ J^-U sustaned reteas* m f^J^fJJ^ 
composition and phase dfcpemion «J*^f^^Z^^ has the effect of reaching a lm*ng toadng »«» 
of S <*P coats and the amount of coating. »*h or without 

an equBbnum * reached oetween ™" ^ 
pharmaceutical agent, deposited on the stent 



^i nnmfitYfrfmf l nyffliten ^ w 

(00051 We have dtacovered a process ^^^^^tS^l^i surface wtt. passag«there 

* SST^ a preferred embodiment of «ve P«"*^£^ TS^^SS^^ 
Saving a first and second surface 5S?5SiS« ™5°*"« undef con * onS "C5 jS 
mandrel wHh a hjuid coaling solution containing a fim tormmg *9n stent while move* the stent 

SSvfme fim tanning brocompatible P^" to ~* * ^Lg« sufficient to prevent the flm fbmang 
rotate* to th e mandrel to cause fluid flow mrougn *«u 

i^rt substantia* blocked by the bndgmg of the polymer coating, 
so B ri J l npscrintk tn r* Fim]res 

[0008] Figure 1 iustrates a P««P^ * £!E2S££?!S -«t on a mandrel prior to coaling. 

53 Figure 2 * a P-^^KE * ■» * *■ ^ ^ 

[0010] Figure 3 iustrates the movemenx w me w> 

« S^S^r^gT^w of a portion of the coated stent that iustrates the substantia, absence of 

*2S-* that iustrates a stent that has been coated by convention- dta coating 
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process with about a 4 weight percent coating solution. 

[0013] Figure 6 is a pictomicrograph that illustrate a stent that has been coated by the inventive coating 
process with about a 1 3 weight percent coating solution. 

[0014] Figure 7 is a graphical illustration of the in vitro release profite of a coated stent 
[001 q Figure 8 is a graphical tflustration of the in vivo release profile of a coated stent 



[0016] The present invention provides a process for coating mecficaJ devices. The process described herein is 
wel suited to coating medical devices that have passages that may otherwise be blocked or have bridges formed 
by conventional dip coating. As previously discussed avoiding the formation of bridges is especiaty important in 
the coating of perforated structures such as stents. Bridging is a significant problem with stents with passages 
with a minor dimension less than about 125 mfls, especially with passages having a minor dimension smafter than 
about 50 mils. 

[0017] Stents are generally cyindricaJ and perforated with passages that are slots, ovoid, circular or the like 
shape. Stents may also be composed of heJicaly wound or serpentine wire structures in which the spaces between the 
wires form the passages. Stents may be flat perforated structures that are subsequently roted to form tubular 
structures or cyfmdrical structures that are woven, wrapped, dried, etched or cut to form passages. Examples of 
stents that may be advantageously coated by the present process include but are not imited stents described in the 
following U.S. Patent Nos. 4,733,665 (hereinafter the Palmaz stent which is lustrated in Figure 1); 4.800,882 
(hereinafter the Gianturco stent); 4.886,062 (hereinafter the Wiktor stent) and 5.514.154 (hereinafter the GukJant 
RX MultSnk™ stent). These stents can be made of biocompatible materials including btostable and btoabsorbabie 
materials. Suitable biocompatible metals include, but are not imited to, stainless steel, tantalum, titanium aloys 
(inducing nitinol), and cobalt afloys (inducing cobalt^hromium-nickel afioys). Suitable nonmetaic biocompatible 
materials include, but are not limited to, polyamides, polyotefins (i.e. polypropylene, polyethylene eta), 
nonabsorbable polyesters (i.e. polyethylene terephthalate), and btoabsorbabie afiphatic polyesters (i.e. 
homopolymers and copolymers of lactic add. gtycotic acid, lactkte. grycoide, para-dtoxanone, trimethytene 
carbonate, 6-caprotactone, etc. end blends thereof). 

[0018] The present invention utifees fluid flow or movement through the passages in the perforated mecficai 
device to avoid the formation of blockages or bridges. The fluid flow can be provided by active flow systems such as 
a perforated manifold inserted in the stent to circulate the coating fluid through the passages or can be created by 
placing the stent on a mandrel or in a smal tube that is moved relative to the stent during the coating process to 
create sufficient fluid flow through the passages and thereby avoid the formation of blockages or bridges. 
[0019] In one embotiment of the present invention as ftustrated in Figure 2, a stent 2 is placed over a mandrel 
6 that is smaler than the inner diameter d of the stent's intraluminal passage way 12 and doped into the coaling 
solution. The coated stent is moved relative to the mandrel after it is removed from the coating solution (preferably in 
one direction). Figure 3 iustrates the movement of the stent 2 relative to the mandrel 6 after it is removed from 
bath. The relative outer diameter of the mandrel and inner diameter of the stent are such that after dipping, whie 
the coating is sti wet, the movement of the stent along the mandrel's length dears the passages (slots) 10 which 
remain so on drying. The relative motion of the stent and mandrel, with imited clearance between the stent and 
mandrel, generates high shear rates which break the surface tension associated with the coating Am fling the 
slots and provides smooth, defect free coating on the stent Preferably the stent will be moved to an area of the 
mandrel that has not contacted the coating solution. As is illustrated in Figure 3 that provides a perspective view 
of the stent 2 after being coated with coating 14. There are additional advantages: the coatings can be of high 
concentration and by proper choice of the mandrel ammeter to stent diameter (the clearance), the relative thickness 
of the inner and outer coating of the stent can be controlled. For example, the stent coating can be thicker on the 
outer surface to contact the luminal wal or thicker on the interior surface to interact with the fluid stream. 
[0020] The mandrel may be of varying designs (i.e. tapered cones, cylindrical, slotted cylinders, mandrels 
having cross-sections that are ovoid, triangular or polygonal and would include shafts with veins or paddles). 
Additionally, the movement of the mandrel relative to the stent may not only be lateraly, but may also consist of 
rotational movement Object of the mandrel design being to assure sufficient shear flow relative to the passages to 
insure mat the passages do not be come blocked. 

•[0021] Rnvforming polymers that can be used for coatings in this appfcation can be absorbable or non- 
absorbable and must be biocompatible to minimize irritation to the vessel waS. The polymer may be either btostable 
or bioabsorbable depending on the desired rate of release or the desired degree of polymer stabity, but a 
bioabsorbable polymer is preferred since, unlike biostabie polymer, it wl not be present long after implantation 
to cause any adverse, chronic local response. Furthermore, bioabsorbable polymers do not present the risk that over 
extended periods of time there could be an adhesion loss between the stent and coating caused by the stresses of the 
biological environment that could dislodge the coating and introduce further problems even after the stent is 
encapsulated in tissue. 

[0022] Suitable film-forming bioabsorbable polymers that could be used indude polymers selected from the group 
consisting of aliphatic polyesters. poly(amino acids), copoly(ether-esters), poryaJkytenes oxalates, polyamides, 
pory(iminocarbonates), potyorthoesters, polyoxaesters, poryamidoesters, poiyoxa esters containing amido groups, 
poty(anhydrides), poryphosphazenes, btomolecules and blends thereof. For the purpose of this invention aiphatic 
polyesters indude homopolymers and copolymers of lactide (which includes lactic acid d-> and meso 



£mnteer and Kohn, in the H a nrthonK fit Bg*agg%£ggSfto i ^hY purpose of this invention include those 
<«>7. Paaes 251-2^ CopoMeth^M) for ^^^3. 100Si 1988 by Cohn and^ne. 
^S^ester-ethers described in Journal of Bwmatenab ^'^i^rs,, page 498. 1989 (e.g. PECWPIA). 
anlfff ™ymer Preprints (ACS Oviston of ^^pSS No. ?2M.5U 4.141.087; 4.130639; 4.140 
^SStene oxalates for the purpose of ^"^S^^eST P^phosphazenes. cc. tar- and rugber order 
6^005.034; end 4.205.399 (incorporated by m4acU. tactic acid, grycoSde. S^*:_ac<^ra- 

££d monomer based po*met. ^tl^^^S ^^^c^ by Alcock in Ito^riQ^LJtf 

VSSS^SSSZ * by rSerenoe). ^™ ^^tte human ££Tr are hydn*tic*y 
S£2 occurring materiat. mat ^^^Cl^^absorbable biocornpatabte polysacchwdes 

unstable in the human body ^^^-^^^^^ckrrs and hyaluronic aad. 
s^ch as chtosen. starch. fatty aods (a^destefs ^^f^lSSZ, low chronic tissue response such » 
(00231 Suitable Snvformmg bKWtable POh«n«8 ^^^T^ (poVe thylene oxide), poiyvmyl alcohc*. 

ootwinvl pyrTofcdnone and poiyasw* cow inHuda Dolvoteftns. poJytsobutytene ana cinyiene-apnwwMM 

roivjumers* acryfc potymers (wchiang metnacryiawj *TjT' h nolwinvldcne haHes such as polywiiyioene 

appScSoTwouW afco j^^^x * of form 6to 12; and y an integer n the 

00241 The polymers used for coatings must * *^^'2^ 0 ^ not ba so read* deformaWa after 
™nS ba waxy or tacky. The polymers ^J^^^narn* ^e^^ rwrf^v^tbet-gh 

2£ss s r^SBSrsstfas; — *s — — 

and most preferably above S5*C. -nofeation are bioabsorbable elastomers, more preferably 

100251 The preferable coatings to use ^jSSS^m copolymer, are elastomers, gartpmam 
afohatic polyester elastomers. In the proper Pf°P^°^ ^rtTand can withstand significant deforrnabon 

pleSthTadyantage that they tend to adherewrtto ^^^pXmance to othar po*mer coa^wher. 
Smout cracking. The high elongation ^J*^J£S are described in U.S. Patent 1^460 
the coated stent is expanded. Examples crfsutebte b ^f^^ )a ^ bjocom pafiWa elastomers based ona^hatic 
•253 hereby incorporated by reference. Preferably ttw J*^^°"arouo constating of elastomenc copolymer. 
^Lsto • ta**g but not Imited to those ****** *°m ^IJ^^^SfO*^ of from about 35S5 to 

f^attuVoOto'about 60:40)^ 

ratio of *caprolactone to l^* 8 " 0 ^^,^^ 2 ' orfoanone to trimethylene carbonate of from aboutJWTO 
^methylene carbonate (preferatty hav^g amoteratoof ^ycotde (preterabfy having a mole rrtoj J 
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carbonate and lactate including L-tectale, 04actide t Wends thereof or lactic acid copolymers (preferably having a 
mole ratio of trimethylene carbonate to lactate of from about 30:70 to about 70:30) and blends thereof As is wel 
known in the art these aliphatic polyester copolymers have different hydrolysis rates, therefore the choice of 
elastomer may in part be based on the requirements for the coatings adsorption. For example e-caprolactone-co- 
glycobde copolymer (45:55 mole percent, respectively) Sms lose 90% of their initial strength after 2 weeks in 
simulated physiological buffer whereas the e<aprolactone~co-<actide copolymers (40:60 mole percent resoectiveM 
loses all of its strength between 12 and 16 weeks in the same buffer. Mixtures of the fast hydrotvzina and slow 
hydrolyang polymers can be used to adjust the time of strength retention. 

[0026] The preferred btoabsorbabie elastomer* polymers should have an inherent viscosity of from about 1 0 dUg 
to about 4 dL/g, preferably an inherent viscosity of from about 1.0 dUg to about 2 dUa and most DreferabJv an 
inherent viscosity of from about 1.2 dL/g to about 2 dL/g as determined at 25Xin a 0.1 gram per deciter (o/dL) 
solution of polymer in hexafluoroisopropanol (HFIP). w ' 

[0027] The solvent is chosen such that there is the proper balance of viscosity, deposition level of the polymer 
solubifity of the pharmaceutical agent, wetting of the stent and evaporation rate of the solvent to properly coat 
the stents. In the preferred emboolment, the solvent is chosen such the pharmaceutical agent and the polymer are 
both soluble in the solvent In some cases, the solvent must be chosen such that the coating polymer is soluble in 
the solvent and such that pharmaceutical agent is dispersed in the polymer solution in the solvent m that case the 
solvent chosen must be able to suspend smaD particles of the pharmaceutical agent without causing them to aggregate 
or agglomerate into collections of particles that would clog the slots of the stent when appfed. Although the goaf 
is to dry the solvent completely from ,the coaling during processing, it is a great advantage for the solvent to be 
non-toxic, non-carcinogenic and environmental benign. Mixed solvent systems can also be used to control 
VBcosity and evaporation rates. In afl cases, the solvent must not react with or inactivate the pharmaceutical agent 
fLll^y 0 !^ °i atnQ polymer Prefe"** solvents include by are not limited to: acetone, N-memyipyrroMone 
(NMP), dimethyl sulfoxide (OMSO), toluene, methylene chloride, chloroform, 1,1,2-trichtoroethane (TCE) various 
freons, dioxane, ethyl acetate, tetrahydrofuran (THF), dimethytformamide (DMF), and dimethytacetarnkte (DMAC). 
[0028] The f8m-forming biocompatible polymer coatings are generally appfed to reduce local turbulence in blood 
flow through the stent, as wel as, adverse tissue reactions. The coating may also be used to administer a 
pharmaceutical active material to the site of the stents placement Generaty, the amount of polymer coating to be 
placed on the stent w» vary with the polymer and the stent design and the desired effect of the coating. As a 
guidefine the amount of coating may range from about 0.5 to about 20 as a percent of the total weight of the stent 
after coating and preferably wi range from about 1 to about 15 percent The polymer coatings may be appfed in one 
or more coating steps depending on the amount of polymer to be appfed. Different polymers may also be used for 
different layers m the stent coating. In fact it is highly advantageous to use a diute first coating solution as 
pnmer to promote adhesion of a subsequent coating layers that may contain pharmaceutical active materials. 
[0020] Additionally, a top coating can be applied to delay release of the pharmaceutical agent, or they could be 
used as the matrix for the defivery of a different pharmaceutical active material The amount of top coatings on 
the stent may vary but w* generafy be less than about 2000 ug, preferably the amount of top coating wM be in 
toe range of about 10 ug to about 1700 ug and most preferably in the range of from about 300 ug to about 1600 ug 
Layering of a>ating of fast and slow hydrolyang copolymers can be used to stage release of the drug or to control 
release of different agents placed in different layers. Polymer blends may also be used to control the release rate 
of querent agents or to provide desirable balance of coating (i.e elasticity, toughness etc.) and drug defivery 
characteristics (release profile). Polymers with different sotubSbes in solvents can be used to bufd up 
different polymer layers that may be used to deliver different drugs or control the release profle of a drug. For 
example since w»prolactone-co-lacsde elastomers are soluble in ethyl acetate and c^proJactone-cc-gtoofde 
elastomers are not soluble in ethyl acetate. A first layer of e<aprolactone-ce-glycc«e elastomer containing a drug can 
be over coated with e-caprc4actone-co-glyco6de elastomer using a coating solution made with ethyl acetate as the 
solvent AddoonaDy, different monomer ratios within a copolymer, polymer structure or molecular weights may result 
in Different solubilities. For example, 45/55 ^prolactone-co-glycc*te at room temperature is soluble in acetone 
whereas a strnfer molecular weight copolymer of 35/65 c-caprdactone-co~g!ycc4de is substantia^ insoluble within 
a 4 weight percent solution. The second coating (or multiple additional coatings) can be used as a top coating to 
delay the drug defiver of the drug contained in the first layer. Alternatively, the second layer could contain a 
afferent drug to provide for sequential drug delivery. Multiple layers of different drugs could be provided by 
alternating layers of first one polymer then the other. As wi be readily appreciated by those skied in the art 
numerous layering approaches can be used to provide the desired drug delivery. 

10030] The coatings can be used to defiver therapeutic and pharmaceutic agents such as, but not fmited to: 
antiproliferative/antimitotic agents indudmg natural products such as vinca alkaloids (Le. vinblastine 
vincristine, and vinorelbine); pacfitaxel, epidipodophyfotoxins (i.e. etoposide, tenipostde), antibiotics 
(dactmomyan (actinomydn O) daunorubkan, doxorubicin and kJarubicin). anthracydmes, mitoxantrone, bleomycins 
plicamyan (mrthramycin) and mitomycin, enzymes (L-asparaginase which systemicaUy metabolizes L-as'paragine and 
deprives cefis which donl have the capacity to synthesize their own asparagine); antiproWerativa/antimitottc 
ajin^aung agents such as nitrogen mustards(mechtoremamine, cydophosphamide and analogs, meiphatan 
chtorambucf), ethylenimines and methyfmelamines (hexamethylmelamine and thiotepa), alkyl sulfonates-busulfan' 
nirtosoureas (carmustine (BCNU) and analogs, streptozodn),trazenes - dacarbazinine (OTIC) 
antiproliferative/antimitotic antimetabolites such as folic acid analogs (methotrexate), pyrimkfne analogs 
(fluorouracil, floxuridine, and cytarabine), purine analogs and related inhibitors (mercaptopurine, thioguanine 
pentostatin and 2^htorodeoxyadenosine(ciadribine)) ; platinum coordination complexes (asplatin carboplatin)' 
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procaine, hydroxyurea, « ^sdll^^ S 

S*^ antisecretory (breveWn); J?**™™^^^ and 
^roSortisone. prednisone. P^^^^ 8 *^S^i" ' -oSxTpa-i^ophenol denvaovee Le. 
SsSftasone). rton^rteroidal acrfc «d* 

acetaminophen; Indole and rndene acete aoda ("^X^^^jefTvatMe*). antnranKc aod> (mefenamrc 
StT^fenac, k^rotac). ary^^ and oxyphanthateone). 

adTand mecfoferwmic ack* enoic aoda (P^^V^ 050 ^' STttSmiate); immunosuppressive: 
na^metone. gold compounda auranofln ^^^^'aJ^p^^copti^o^ mofeti); Ai-jiogeroc: 

mixture. The merarjeufcagent may ^. ^Hne or rn^f Atoxic aviary substance. su*aa 

form. Optonaly. the ."iixtore may ™° Ste addftLs may be formulated wrlh the pojrmer 
dkients. camera, exapents, «abfcera *%. ^aS^l^ophic polymers selected from the prevwudy 
and pharmaceutical f °LS^ZL mav^ «dded to a fcc^atx* hydrophobic coding to mocSfy 

described ests of biocompatible ^J or ^^^^!^l?V hvdrophic coaling to modrry the rateaee proSe). 
the release profile <or a hydrophobs =P?^ m '^ 8 tX^ froT of polyethylene oxrde. 

One example would be eddmg a **l^*tS^L^^t^ hydroxymethyl celutose and combination 
«E^*2ff jft ^SSmS* ZSfiJSl!^*** amount, ran be 

that contain the pharmaceutic aa a aoM *per^ in a aowwxi w jg^eSed pharmaceutical powder, both the 
conditions, care must be taken to mmnr ^^^J^^^uJ^ cause an rrregutor coating surface 
** phmary powder size and its aggregates ^JS^^^^eT^^te, where a drspersion is appsed to the 
STtodoTrnValota of the oTenaure that a. partdes of th. drug are 

stent and we want to improve the J r ^^^^^J^ tim the release rate of the drug, (Jeposted 
fully encapsulated in the polymer, or m onM top coat of the same porymer used to 

either froTtfspersion or t^„ l ^^l&^ dWuafon of the drug out ol Mh. 

„ provide sustained release r^!LS^ m ^« previously described or by spray coatag floss 

30 coating. The top coat can J»eppierJ ^ M ^«^X^to^ rince the costly drug is not ir^uded) 

Sod (a. compared to the release from^ rsotomc ^SS^SS^Sm 1 t0 2.000 hours, preferably 2 

'like- M i umM . maw he tested in appropriate in vitro and in vivo models to 

RI036) Individual formulations of drugs and polymers may be »«aed * a porymer (or blend) coated 

52. the de*ed drug '^^^t iC -^ ^ *K 
on a stent and placed in an agrtated or c»c^n£|fluxJ ^^.^J 8 b T^ LC) The release of a pharmaceiAcal 
circulating fluid could be taken to determine^ retease proSe (sue* as oynrt^ j appf0pfiate porcine system. The 
compound from a stent coating into the .ntenor ^^^^^^T^tekina ^mples at specific times and 
drugnSease profle could then be momtored by appmp^rneam such 0 Th J^ bu , formation can be 

assaying the samples for drug concert^ W |HPLCto ^^^7 Hanson and Harker, Proc. Natl. 

formulate a variety of stent coaling formulations. 



Example 1 



EP0 970 711 A2 



[0037] An absorbable elastomer based on 45:55 mole percent copolymer of e-caprolactone and gfycoBde, with an 
IV of 1.56 (0.1 gAfl in hexafluoroisopropano(HFIP] at 25*C) was cfissofved five percent (5%) by weight in acetone 
and separately fifteen percent (15%) by weight in 1,1,2-trichloroethane. The synthesis of the elastomer is described 
in U.S. Patent 5,468,253 incorporated herein by reference. Gentle heating can be used to increase the dissolution 
rate. The high concentration coaling could be formulated with or without pharmaceutical agent present An initial 
primer coat of only the polymer is put on Cordis P-S 153 stent (commeraaiy available from Cords, a Johnson & 
Johnson Company) by cfip coating in the five percent (5%) solution while the stent is placed on a 0.032 inch (0.81mm) 
diameter mandrel. The mandrel, with the stent on it, is removed from the dip bath and before the coating has a chance 
to dry the stent is moved along the length on the mandrel in one direction. This wiping motion applies high shear to 
the coating trapped between the stent and the mandrel. The high shear rate forces the coating out through the slots 
cut into the tube from which the stent is formed. This wiping action serves to force the coaling out of the slots 
and keeps them clear. The "primed stenT is allowed to air dry at room temperature. The prime coat is about 100 
micrograms of coating. After 1-2 hours of air drying, the stent is remounted on a 0.0355 inch (0.9mm) clean mandrel 
and dipped into a second, concentrated coat solution. This can be drug free or can contain about six percent (6%) by 
weight drug in addition to about fifteen percent (15%) polymer by weight in the coating solution. The cfip and wipe 
process is repeated. The final coated stent is air fined for 12 hours and then put in a 60*C vacuum oven (at 30 in 
Hg vacuum) for 24 hours to dry. This method provides a coated stent with about 270 micrograms of polymer and about 
1 80 micrograms of drug. 

Example 2 

[0038] This example describes experiments that demonstrate the ability of the dip and wipe coaling approach to 
incorporate a bioactrve agent in the coating and that the bioactive agent retains its biological activity. An initial 
primer coat of only the polymer described in Example 1 was placed on Cordis P-S 153 stent by cfip coaling in the five 
percent (5%) solution by weight white the stent is placed on a 0.032 inch (0.81mm) diameter mandrel. And primed as 
described in Example 1. The coated stent was then coated a second time with a coating solution of polymer and drug. 
The coated stent was dipped and wipe coated using the mandrel and a high concentration drug-polymer (15% polymer 
1:100 drug: polymer, and 2000 U/mf heparin-benzalkonium chloride [HBAC); al in 70730 acetone/DMSO) solution by the 
method deserted in Example 1. The HBAC coated stents had a total coating weight of about 350 micrograms. Coaled 
stents were sent to North American Science Assocftes Inc. (Northwood, Ohio USA) for a standard rabbit whole blood 
clotting time assay. The assay was performed by placing the stents on the surface of the Trypfc Soy Agar (TSA) 
plate along with a negative control sample (glass tubing) and a positive control (HBAC coated glass tubing). The 15 
X 150 mm TSA plate was flooded with 35 ml of whole rabbit Wood, obtained by arterial draw of a euthanized rabbit 
The test plate was incubated in ambient room temp. For 20-40 minutes. Following the incubation period, the samples 
were removed from the thrombus formed in the plate using forceps. The test and control sections were observed 
for evidence of adherence to the thrombus formation upon removal. 

[0039] The heparinized stents were proven to be nonthrombogenic as compared with the non-heparinized control 
Example 3 

(0040] This example describes experiments that demonstrate the abtity of the dip and wipe coating approach to 
provide coated stent with high coating ioacfing and no bridging of the slots in the stent A Cordis P-S 153 stent was 
taken and dip coated into a live percent (5%) solution of the eiastomeric 45:55 mole percent of s-caproiactone and 
glycofide copolymer (IV= 1.58) described in Example 1. The stent was removed and aftow to air dry for 1-2 hours at 
room temperature. The coating added to the stent was about 100-150 micrograms. The slots in the stent were bridged 
with dry coating film (Figure 5). A second Cordis P-S 153 was dipped and wipe coated with the coating solution 
containing fifteen percent (15%) polymer as described in Example 1. The stent was found to have slots free of 
coating and to be loaded with 300 micrograms of coating. Simiar experiments were performed with the Cordis 
Crown™ stent, the Guidant RX Mu^k™ stent and the AVE GFX ™stent The results were identical, dipping and 
wipping over a mandril allows high concentration coatings to provide high coating buld on a variety of stents without 
the adverse effect of bridging the slots. 

* 

Example 4 

[0041] This example demonstrates the differential solubility of eiastomeric e-caprolactone and glycofcde copolymers * 
and eiastomeric e-caprolactone and lactide copolymers in ethyl acetate. 0.2 g of e-caprolactone and gfycolde copolymer 
(45/55, IV=1.5, Tm -62*C) were placed in a fiat bottom glass vial along with 4 grams of ethyl acetate. These were 
heated to about 50*C on a hot plate with stirring bar over night The result was partial solution with clear polymer 
on the walls and a cloudy solution at 50*C but the polymer precipitated out and coated the walls of the vial when 
the temperature came back to room temperature (~25 a C), Simlarty, 0.2 g of e-caprolactone and lactide copolymer 
(4CM50, IV=1.5, Tm - 132 # C) were placed in a flat bottom glass vial with 4 g of ethyl acetate made in a manner 
similar to that described in Example 11. These were heated to about 50*C on a hot plate with stirring bar over 
night The particles first swelled and then went into solution. On coding to room temperature the solution remained 
clear and uniform. 
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Example 1 in a sofcent solution of TCE .Acetone H-^) York , u. S A) broadband ultrasonic generator 

ST The ultrasonic spray unit is compose* a f^SSSl 60KHZ to generate a mean droplet sto of 31 
hZSL 60-OS108) attached to a nozzle (model 06WIO) an osciatea ^J*""^ a^W rate was adjusted to about 0.3 
^^r^whichme^em ^^^X^^^^L^ 
^^r^Xa^^ ^^ from «,e noz* and had a d«e. tn. « the ^ 

doud of about 1W0 seconds. . mlM «ons for 16-24 hours and subsequently vacuum dried s* 

P046] The stent wouW *en oT^ vl per top co^ run. A rn^dr- can b. 

60*Cfor24r»u«.Appro»mat^JOO-1wmicro^ 
used to prevent coating the inside of the stent * desired. 

mo50l 0 028 ams of rapamycm was desolvea jmo ujj w" ct- n ta were coated by the method deserved in 
TC%'. 

^ Th, exam* dasenbee tb. >o« M y tL^£2^-^£S 

the in vitro release of rapamyon ^^Jf^!^ gating that contained rapamycm. The "^fT™^™* The 
by the diamonds had a pnmer coatmg ^ a ^S ^ contained 33 percent by ^^^^^aZ 
and rapamycm on the each stent ^Jf*™^vcoVd7(45-55 mole percent) appfed by dp eoatmg The .squares 
SatenTv^ a copolymer of ^^'X?2Sg and a base coating containing rapamyon. The total woght 
represent data points for stents having a pnmer coaon» 
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of mecoating and drug was approximately 450 ug, which contained 14 percent by weight rapamydn. The coating 
matenal was also a copolymer of s^aprolactone-co-glycoWe (45:55 mote percent) applied by dp coatina The 
triangles represent data points for stents that had a primer coating and a base coating containing raparrtycm A 
pnmer coating and base coating (c^prolactone-co-glycolide 45:55 mole percent) were applied by dip coating the 
stent A top coat of 200 ug ( 6 -caprolactone<o^lyco6de 45:55 mole percent) was then appfed using an ultrasonic 
spray device. The total weight of the coating and rapamydn was 650-700 ug. which contained 24 percent by wetott 
rapamyan. The Xs represent data points for stents that had a primer coat and a base coating conning rawmvdn 
The pnmer coating and base coating (B^aprolactone-co-giy<»Me 45:55 mole percent) were applied by dip coating ttie 
Ato? x? ! f 2 00 MS ( 6 -caprdactone-co-gryco6de 45:55 mole percent) was then ep^uSg m rifrasofe 
spray device The total weight of the coating and rapamydn was 550-600 ug, which contSved24 percent bVwdght 
rapamyan. The asterisk represents data points for stents that was coated with a primer, a base coat and two too 
coats. The pnmer coating and base coating (eoprrtactone-co-grycoide 45:55 mole percent) were appfied by dip 
coating the stents. A top coat of 100 ug (K^prolactone-co-glycoSde; 45:55 mole percent) was then applied using an 
ultrasonic spray device. The total weight of the coating and raparnyrin was approximately 550 ug. which contained 33 
P^ISf^S ^ttrapamyw. The circles represent data points for stents that were dip coated with e-caprotactone-co- 
toctide (40:60 mole percent). The stents were then top coated with an ultrasonic spray with approximately 100 ug 
of B-caprotectone-co-lactide. The total coating weighed about 550 ug and contained 33 percent by weight rapamydn 
[00561 Each stent was placed in a 2.5mL of release medum (aqueous ethanor, 15 percent by volume at 
room temperature) contained in a 13 X 100 mm culture tube. The tube was shaken in a water bath (fNNOVA™ 3100* 
New Brunswick Scientific) at 200 rpm whie maintaining ambient condtions. After a given time interval (ranging 
froml5 minutes to one day) the tubes were removed from the shaker and the respective stents carefufy transferred to 
a fresh 2.5ml Afiquot of release medium. The new tube was placed on the shaker and agitation resumed A sample was 
removed from the afiquot, which had previously contained the stent and placed in a HPLC vial for c^ermmation of 
the rapamyan content by HPLC. 

[0056J The HPLC system used to analyze the samples was a Waters Attance with a PDA 996 This system is 
equipped with a photodode array detector. 20uL of each sample was withdrawn and analyzed on a C^-reverse phase 
column (Waters Symmetry™ Column: 4.6mm X 100mm RP 16 3.5 urn with a matching guard column) using a mobile 
phase consisting of acetonitrfle/methanovWater (38:34:28 v/v) delivered at a flow rate of 1.2 mLmw The column 
was maintained at 60*C through the analysis. Under these analytical conditions rapamyan had a retention time of 
4.75± 0.1 minutes. The concentration was determined from a standard curve of concentration versus response (area- 
under the curve) generated from rapamydn standards in the range of from 50ngAnL to 50pg/mL 
[0057] The results from testing the coated stents described above is shown in Figure 7 



. Tne 9oal of this study was to assess the rate of release of rapamydn from polymer-coated stents 
introduced in vivo into the coronary arteries of Yorkshire pigs. At various times after introduction of stents the 
pigs were euthanized and the coronary arteries removed, the stents dissected free of the artery and analysed for 
rapamyan content using loadng assay previously described. Through comparison with the amount of rapamydn 
conteinedon control, non-implanted stents, the in vivo rate of rapamydn release from the polymer coatings could be 



determined. 
Experimental Procedure: 



40 I0059J Male Yorkshire pigs weighing were used for these experiments. Animals were anesthetized with xytazine (2 
mg/kg, IM), ketamine (17mg/kg, IM) and atropine (0.02 mg/kg IM). Pigs were then intubated using standard procedure 
and placed on flow-by oxygen with 1-2.5% volatile isoflurane for maintenance anesthesia via the endotracheal tube* 
Peripheral intravenous access was achieved by insertion of a 20 gauge Angiocath into the marginal ear vein- a 20 
gauge arterial catheter was also placed in the ear for continuous blood pressure and heart rate monitoring. 
[0060] To minimize the chance for clot formation at the stent site, animals were started on oral aspirin 325 mg 

4$ per day three days prior to the planned procedure. Upon confirmation of adequate depth of anesthesia, the right 
inguinal region was shaved and sterifczed, and steriery draped Aseptic technique was used throughout the remainder 
t ol the procedure. A Inear incision paralel to the femoral vessels was made and the subcutaneous tissues dissected 
^ 2JSS * ^ e artery Mer adequate exposure, the femoral artery was isolated prcodmaly with umbicai tape 
and cfistaly with a 3.0 sik tie for hemostasia Using surgical scissors, an arteriotomy was made, and an 8 fr 
sheath inserted tn the artery. Heparin 4,000 units and bretyfium 75 mg were then administered intravenously after 

50 sheath insertion. Bectrocardiogram, respiratory pattern, and hemodynamics were continuously monitored. 

f0061] A hockey stick guiding catheter was inserted via the femoral sheath, and advanced to the left coronary 
ostium, whereupon left coronary cineangiography was performed. A single frame anteroposterior radiogram was 
devetoped and the luminal olameters of the left anterior descending and circumflex arteries measured, in order to 
see the baioon-stent assembly for a prespecifted baloon-to-artery ratio of approximately 1.1 - 1.2:1. Using guide 

55 catheter support and fluoroscopic guidance, a 0.014" guidewire was advanced into the lumen of the left anterior 
descending artery. Intracoronary stenting was performed by advandng a stent mounted on a conventional angioplasty 
balloon into position in the mid-portion of the left anterior descendng artery. The stent was deployed by inflating 
the mounting balloon to 8 atmospheres for 30 seconds. Upon confirmation of vessel patency, the baloon and guidewire 
were removed from the left anterior descendng artery, and the identical procedure was performed in the left 
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^cumflex atery. Upon completion o< stent de*ery * the circumflex artery, the 



batoon and guidewire were 



po»ycaprolactona<o^ycoSde. 



[0065] 
[0065J 



T^pledeecdbe*.*,^^ 

Thfe pcefcrHnary study wes conducted to day. alter receiving rspamyarv- 

SSSdor control polymer coated ^J^f^S^JSti the amount, of Wmal growth. Through common 

s^sres p^^^ * to ^ 

yowmr^b. determined ^ wefe Ranted under stefle ^-^jVf^^ 

[0067] «nyiene o»<^«--— ^ implam atjon. eternal, were gwen 



HHHNn 

rUheter for coronery angiography or to pteee e tt "" '??Vg Wraoroceduraly to prevent acute thrombose 
S^pW co^r^arteniT Heparin (150 "tl^KS* 4SS5 (w/w) «^^.^ 

STSIuSTand imme*** after *^0<o bo* ^^SaSy 0 ^ stents were deployed b» rtaMng 
K) and to obtein ^J^^^^^^^^oZ^ * 14 day. PostHmp^te^toottton 
the deW«y bafloon £?e S^aXXlual ««• "P*"^ who 

implantation, animals were Uted.me vessels were penwton nw*. 

then stored in 10H buffered formaln. , ^_ ... vesse) ^ embedded in glycol methacrylate. Four 3 - 5 pm tt** 
mom For histotogK*! assessment, the a**^^^ iTwere placed on gtess sSdes and prepaied with 

eomputenzedimage analyse —J* ^f^fpv ANOVA and Dunnes te* 
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T«hU1 


Angiography 


Treatment 


IntimaJModia 
ratio 


IntimalAraa 
(mm 2 *) 


KOiamfr 
Stenosis 


B/A Ratio 


Metal Control <n=10) 


0.90 ± 0.05 


3.65*0.82 


24.8 ±3.9 1 a 


1.27 ± 
0.05 

1.32 ± 


r CAP/GLY <n=8) 


0.91 ±0.11 


" 4.1510.23 


38.0 ±4.0 


0.04 


CAP/GLY ± 32 pg rapamyan 


0.75 ±0.04 


3.27 !♦ 0.16 


21.6 ±3.6 1 * 


1.23 ± 
0.03 


(n=10) 

CAP/GLY ±166 MQ rapamyan 


o.e5±o.04'- 2 ft 


2.87 ±0.31 


23.9 ±2.3*8 


1.27 ± 
0.05 



2 ap<0.05 from Metal Control 



Al values are mean±sem. 8/A ratio = baloon 



to artery 



ratio, an index 



of the consistency of stent expansion 
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group to group 

[0069] As can be seen in Table 1, local defivery of rapamycin to injured coronary arteries resulted in a 
significant (p<0.05) reduction in intimamecSa ratio in the 166 ug treatment group and a smal but nbn-sionificant 
reduction m the 32 M9 treatment group when compared with the polymer and bare metal control groups. Rapamycin 
altered from toe GWGLV coating also resulted in nonsignificant dose-related decreases in ne«?tima» ^a in 
both the 32 ug and 166 ug treatment groups. The percent diameter stenosis as assessed by angiography was also 
significantly, reduced in the 2 rapamycin treatment groups when compared to the CAP/GLY group although the 
reduction in this parameter from the metal control was smal and non-significant Never-the-tess in this 
preliminary 14 day study, these data suggest that local release of rapamycin from a biodegradable hydrophobic polymer 
coating may be capable of Smiting the amount of neointimal proiferation which occurs as a result of stent deployment 

Example 11 

[0070J In the glove box, 100 M L (33 umoJ) of a 0.33 M stannous octoate solution in toluene. 1 15 uL (1 2 mmoO of 
Methylene glycol, 24.6 grams (170 mmol) of Uactide, and 45.7 grams (400 mmol) of e-caproiactone were transferred 
into a sflanized, name dried, two neck, 250 mL round bottom flask equipped with a stainless steel mechanical 
stirrer and a nitrogen gas blanket The reaction flask was placed in an ofl bath already set at 190'C and held 
there. Meanwhie, in the glove box, 62.0 grams (430 mmol) L-lactide were transferred into a flame dried pressure 
equalizing addition funnel The funnel was wrapped with heat tape and attached to the second neck of the reaction 
flask. After 6 hours at 100'C, the molten L-lactide was added to the reaction flask over 5 minutes The reactioTwas 
continued overnight for a total reaction time of 24 hours at 190 # C. The reaction was aBowed to cool to room 
temperature overnight The copolymer was isolated from the reaction flask by freezing in Bquid nitrogen and 
breaking the glass. Any remaining glass fragments were removed from the copolymer using a bench grinder The 
copolymer was again frozen with Squid nitrogen and broken off the mechanical stirring paddte The copolymer was 
ground mto a tared Glass jar using a Wiley Mil and allowed to warm to room temperature in a vacuum oven overnight 
103.13 grams of 40:60 poMs-caprolactone-co^-lactide) were added to a tared aluminum pan and then oevoftfeed 
under vacuum at 1 10'C for 54 hours. 98.7 grams (95.7% by weight) of copolymer were recovered after devoftifization 



Claims 

1. A method for coating a stent having an outer surface and inner surface with passages between the outer and 
surfaces comprising: 

(a) contacting the stent with a Squid coating solution containing a ffim forming biocompatible polymer 
under conditions suitable to afiow the film forming biocompatible polymer to coat at least one surface of 
the stent; 

(b) before the coating solution dries creating fluid movement out of the passages of the stent sufficient to 
prevent the ffim forming biocompatible polymer from substantia^ blocking said passages thereafter; 

(c) drying the stent to provide at least a partially coated stent with a first coating. 

Z The method of claim 1 wherein the stent is contacted with the coating solution by doping the stent into the 
coating solution or by spraying the coating solution on to the stent 

3. The method of claim 1 or daim 2 wherein fluid movement is created: by contacting a mandrel with the inner 
surface of the stent and moving the mandrel relative to the stent to prevent bridges from forming in said 
passages; or by contacting the outer surface of the stent with the inner surface of a tube and moving the tube 
relative to the stent to prevent bridges from forming in said passages. 

4 The method of any of claims 1 to 3 wherein the fiton forming biocompatible polymer is an aliphatic polyester a 
poly(amino acid), a copoty( ether-ester), a pdyalkylene oxalate, a poryamide, a pc^iminocarbonate) ' a 

. pojyorthoester, a polyoxaester, a poryamidoester. a pofyoxaester containing amido groups, a poWanhydride) a 
poryphosphazene, a biomolecute or a Wend thereof. n y 

5. The method of claim 4 wherein the film forming polymer is a biocompatible afphatic polyester, which is 
preferably elastomeric. 

6. The method of claim 5 wherein the biocompatible aliphatic polyester is an elastomeric copolymer of e-caprolactone 
and grycoSde, an efastomenc copolymer of e-caprolactone and lactide, an elastomeric copolymer of p-dwxanone 
and lactide. an elastomenc copolymer of e-caprolactone and p-dioxanone, an elastomeric copolymer of p~droxanone 
and trimethylene carbonate, an elastomenc copolymer of trimethylene carbonate and grycoSde an elastomenc 
copolymer of trimethylene carbonate and lactide or blend thereof. 

7. The method of any one of claims 1 to 6 wherein additional contained in the coating solution is a 
pharmaceutically active compound. 
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an antibiotic; an enzyme; an J^ff^^agent; an antiplatelet agent an an*«B»**Y agent 
antmetabo«e; a honnone; ^*° a °*5 ^^^mSupfxess^ agent an angjogerac agent a mtnc 

agnation and * pceten** 

9 Tnen^ofanyone^ltoB.^a^ 

10 . Th e n^od ot any one o, <**ns 1 to 9 w*e,e,n arte, *e stent *d*ed . second coating , .PP** 
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FIG. 3 



3C 



DC 



3 



DC 



DC. 



4 



I 



6 



F/a 4 

_ n — 



-14- 



EP0 970 711 A2 

FIG. 5 
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FIG. 8 
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□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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